Abstract. For the three-level inverter of mining, in order to improve the operating efficiency of the system and reduce the overshoot of current and voltage, and extend the life of the motor and inverter, the new high-voltage high-power IGBT drive module 2QD30A17K-I is used to design the drive circuit, analyzed the working principle of drive circuit, designed over-current, short circuit protection, and under-voltage protection circuit, gives the basic three-level drive circuit schematic diagram, parameter calculation and selection of components, experimental verification verifies the feasibility and correctness of the drive circuit, it can be promoted and applied in the coal mining industry.
Preface
Due to the current problems of coal mining conveyors and drives in China, which has affected the improvement of coal mine transportation capacity. In order to reduce the loss of all parts of the transport aircraft, uses frequency converter [1] to control the transport aircraft, and adds the appropriate IGBT and driver, it can improve the efficiency and economic benefits of the enterprise [2] [3] . In the coal mine transportation, FF600R17ME4 is selected as the required IGBT from the reliable application of flame proofing. In conjunction with FF600R17ME4, the drive circuit needs to have a large withstand voltage and drive current. 2QD30A17K-I is represented by high voltage and high power driver [4] . It can provide ±15V driving voltage and ±30A driving current, and its input and output delay time is short, the maximum operating frequency can reach 60kHz. Therefore, the overall structure of the driving circuit of 2QD30A17K-I is eminent and has a reliable protection environment [5] [6] . For the three-level inverter drive transport, 2QD30A17K-I drive can not only reduce the harmonic components of the output waveform, reduce harmonic loss and switching loss, safe isolation, so it has a wide range of research and application scenarios [7] [8] .
Based on the Drive Circuit Structure of 2QD30A17K-I Module

Drive Mode Selection
The selection of the drive mode is divided into "direct mode" and "indirect mode". As shown in Figure 1 , the ninth mode pin is connected to GND. The drive module is selected as "direct mode". The A channel and the B channel work independently of each other and can be turned on at the same time. Connecting CA and CB to GND through a 470pF capacitor to ensure electromagnetic compatibility. Two pulses PWM1 and PWM2 are provided by the control system. The dead time is determined by the control system and can also be set by the chip. As shown in Figure 2 , the ninth mode pin is connected to VDD, and the drive module is selected as "indirect mode". Only one channel of the A channel and the B channel is turned on at any time. One pulse (PWM1) needs to be provided by the control system, and the drive circuit outputs two pulses. CA and CB are connected to GND with the capacitor to control the dead time. The accuracy of the dead time is mainly determined by the capacitance accuracy. The capacitance value corresponding to the dead time is shown in Table 1 . 
Gate Drive Resistance Selection
As shown in Figure 4 , it is a gate drive circuit and an over-current detection circuit diagram of IGBT. The drive circuit Gate A or Gate B is connected to the gate of the IGBT through a gate drive resistor RG, and the emitter of the IGBT is directly connected to COM A or COM B, RG can be determined by the following formula:
P G is the gate drive power, f is the carrier frequency, it is 2000Hz, C ise is the input capacitance, P DD is the drive power consumption, and the gate drive resistance R G(min) is calculated to be 10 Ω.
In order to prevent the IGBT from being turned on and the IGBT gate voltage exceeds the allowable value, a resistor R GE of less than 10 Ω and a Zener diode of 18 V are connected between the gate and the emitter. The drive circuit monitors the IGBT over-current fault by measuring the voltage between the collector and emitter of the IGBT. Connecting two diodes D2UF4007 with voltage that the withstand voltage higher than the IGBT voltage level between the collector and VCE sat to prevent high voltage and short circuit during IGBT turn-off.
Drive Circuit and Inverter Connection
As shown in Figure 3 , the connection diagram of the drive circuit and the inverter. The AC three-phase power supply is connected to the rectifier and then connected to the motor via a three-level inverter. The control circuit is connected to the driver. Because using three-level inverter and there are twelve pulses between the driver, the inverter returns a total fault signal to the driver. 
Over-current Detection and Protection Function Design
As shown in Figure 4 , when the IGBT is turned on, the two diodes are forward-conducting, and the VCE sat A pin forms a loop through the R VCE , VD1, VD2, IGBT and COM A pins. The relationship between voltages is: VCE sat A = V Rvce + V VD1 + V VD2 + V CE . Where V CE is the IGBT collector voltage. The VCE sat A is compared with the reference voltage Vref, which adjusted by R SX and C SX in real time. The RC reference network connection diagram is shown in Figure 5 (a), the R SX and C SX reference curves are shown in Figure 5 (b), and the reference curves are regulated by external R SX and C SX . R SX adjusts the reference voltage, and R SX and C SX combine to adjust the reference time. If the VCE sat A voltage is higher than the Vref voltage, the drive circuit will trigger the fault signal and realize the soft turn-off of the IGBT, this process charges the capacitor C VCE . The time of Vref reaches the reference voltage and the short-circuit current detection of the IGBT depends on the charging process of capacitor C VCE . The 2QD30A17K-I uses the RC timing network to set the sensitivity of the VCE sat monitoring. RC combination extends the operating time when the IGBT is turned off because of a short circuit. If the VCE sat monitor is too sensitive, you can increase the value of C VCE and extend the trigger time of the soft turn-off. If the VCE sat monitoring is not sensitive enough, reduce the value of C VCE or R VCE . It is important to ensure that the IGBT is turned off within 10 μs after the short circuit. According to the design of each part above, as shown in Figure 6 , it is the peripheral circuit schematic diagram of the drive circuit of one phase of the three-level inverter, and the other two phases are exactly the same. PWM1 to PWM4 are the input 4 drive pulses, SC is the return signal for driving fault, G1 to G4 are the output signal of drive circuit, which control the IGBT operation. 
Experimental Results and Analysis
Through the design of the entire drive circuit, and the SPWM waveform test, as shown in Figure 7 , the three-level SPWM wave drive signal waveform extracted during debugging. It can be concluded from the waveform that the harmonic component of the output waveform of the three-level inverter driving circuit of this design is less, and the experimental effect can be effectively achieved. 
Conclusion
For the needs of mining three-level inverter, the designed drive circuit is explicit in principle, strong in modularity and convenient in control. It is an important method to realize the over-current protection function of high-voltage and high-power IGBT devices, it achieves the reduction of harmonic components of the output waveform and reduces harmonic loss and switching loss, it also achieved the effect of safe isolation and improved work efficiency. It is a better inverter drive circuit suitable for mining.
